Alloy 720 is currently being used as a conventional cast and wrought material for turbine engine disks. Recently, the alloy was evaluated as an extrude plus isothermally forged (E+I) P/M material with excellent results. In the present work, P/M 720 was evaluated in the hotisostatically-pressed plus heat treated (as-HIP) condition since this type of processing represents the potential for lower cost through elimination of the extrusion and forging steps to produce near-net shapes. Tensile, stress rupture and LCF properties were evaluated. The results compare favorably with those of (E+I) PA4 material and indicate that as-HIP P/M Alloy 720 may be suited for engine application.
Introduction
Alloy 720 is a high strength nickel based superalloy which was originally developed as a wrought turbine blade alloy for industrial turbines (1). The alloy is currently being used in the cast and wrought form as a turbine disk alloy. More recently, the alloy has been evaluated as a powder metallurgy (P/M) material processed using extrusion plus isothermal forging (E+I) (2, 3) . Reportedly, the alloy has excellent fatigue crack growth resistance and is being strongly considered for application in turbine disks for small to medium gas turbine engines. As-HIP refers to hot-isostaticallypressed plus heat treated material processed without further thermomechanical treatment. A major benefit of as-HIP processing is lower cost through the elimination of extrusion and isothermal forging and the reduction of input material through near-net shape capability. This approach has been successfUlly applied to Rene 95 and Low Carbon Astroloy with over 100,000 turbine engine components flying world wide (5). The objective ofthis work was to evaluate the mechanical properties of as-HIP Alloy 720 to determine if this alloy could be used in as-HIP condition in engine applications.
Billet Manufacture
Material used in this program was from 6.5inch (165mm) diameter billet produced using argon atomized Alloy 720 powder consolidated by hot-isostatic-pressing followed by heat treatment. The process is shown schematically in Figure I .
In powder manufacture, vacuum induction melted metal is delivered to tbe atomizer as a thin stream which is impinged upon by high pressure argon gas. The metal stream breaks up via the transfer of kinetic energy to surface energy. Spherical droplets are formed due to surface tension and solidify in the range of IO 4 to IO 6 C/set. For the current study, the powder was produced as several 5000 lb heats which were subsequently combined to make a master powder blend. Once atomized, the powder was screened to -270 mesh (-53 pm). All powder processing was performed in equipment and systems made from stainless steel. Specially designed valves and powder transfer bins were also used to insure powder cleanliness.
'Ihe powder was subsequently loaded into mild steel containers which were then outgased and sealed. The containers were HIPed at 2065F (I l29C)/l5 ksi (I 03 MPa)/4 hr. The composition of the resulting P/M 6.5-inch (165 mm) diameter billet is given in Table  I . Initially, a solution treatment study was conducted in the temperature range of 2000F (I l93C) to 2150F (I 177C). Microstructural examination showed the y' solvus temperature for the material to be between 2075F (I 13X) and 2 I OOF (I 149C). This is congruent with that reported in the literature (5). As shown in Table II , heat treatment below the solvus temperature resulted in a fine uniform structure with a grain size of ASTM 10 and finer ( Figure 2a ). Heat treatment above the solvus resulted in a grain size of ASTM 8.5-9 which was stable up to at least 2 l50F (I l77C) ( Figure 2b ). Based on these studies, 2040F (I I 16C) was selected as a sub-solvus solution treatment to maintain a fine uniform grain structure for high yield strength. A super-solvus treatment of 2150F (1177C) was selected to increase the grain size and maximum solutioning of second phase particles for optimal stress rupture properties. To determine the effect of grain size on the mechanical properties of as-HIP Alloy 720, tensile, creep-rupture and low cycle fatigue (LCF) properties were evaluated for both sub-solvus and supersolvus solution treated material. Following solution treatment, the materials were aged at l400F (76OC)/8 hr + 1200F (649C)/24 hr.
Tensile tests were conducted over the temperature range from roomtemperature to l600F (871C). Figure 3 shows the effect solution treatment temperature on the tensile properties of as-HIP 720 at room temperature and IOOOF (538C), respectively. As expected, sub-solvus solution treatment results in higher strength and ductility than super-solvus solution treatment due to differences in grain size. The tensile properties from room temperature to 1600F (871C) for sub-solvus and super-solvus treatments are shown in Figures 4 and 5, respectively. As can be noted, as-HIP Alloy 720 retains excellent strength and ductility up to at least l200F (I 121C). As shown in Figure 6 , the tensile properties also compare favorably with E+I P/M material.
Stress-rupture properties were determined in the 1200F (I I2 1 C) to 1450F (788C) temperature range The data for as-HIP along with those for E+I P/M Alloy 720 are summarized in Figure 7 . As can be noted, sub-solvus treated as-HIP Alloy 720 is quite comparable to E+I P/M material over the entire temperature range. Supersolvus treatment resulted in a significant increase in rupture strength primarily due to the coarser grain size which results from this treatment.
Smooth bar LCF tests were conducted on as-HIP Alloy 720 at lOOOF (538C). The tests were conducted at an R = 0 and a frequency of 20 cpm in strain control. The results are given in Table III and summarized in Figure 8 . As shown in Figure 9 , the strain for a 30,000 cycle mean initiation life of 0.9 % compares favorably with that reported for E+I P/M Alloy 720 and is higher than that of conventional cast and wrought Alloy 720 (2) . 14.1
Fracture surfaces of LCF specimens were examined to determine the features of fracture initiation sites. The results are included in Table  III . The LCF bars from sub-solvus treated material failed at ceramic inclusions or pores while super-solvus treated material failed at grains. The inclusion size, type and composition observed as fracture initiation sites are similar to those observed in other E+I P/M superalloys produced from -270 mesh powder.
Summarv and Conclusions
As-HIP Alloy 720 was evaluated for tensile, stress rupture and low cycle fatigue properties at room-and elevated-temperatures. The results show that the material exhibits excellent properties over a wide temperature range. The properties compare favorably with conventional ingot metallurgy and E+I P/M material.
